The influences of emotions on eating were investigated. One-hundred and seven female and 103 male subjects were asked to report how various characteristics of eating could change during the emotions of anger, fear, sadness and joy. Subjects completed a questionnaire of 33 items for each emotion and a food deprivation condition. A factor analysis of the items answered with respect to food deprivation yielded four factors which were labelled hunger, impulsive eating, sensory eating and hedonic eating. ANCOVAs showed main effects of emotions upon each factor. Single comparisons showed that: (1) subjects reported to experience higher levels of hunger during anger and joy than during fear and sadness; (2) impulsive eating and sensory eating were rated higher during anger than during the other emotions; and (3) hedonic eating was rated higher during joy than during the other emotions. Results did not indicate any differential influences upon eating between fear and sadness. Women reported to experience higher tendencies of impulsive eating and sensory eating than men during anger and sadness. Eating scores of negative emotions correlated low and positive with body mass index, low and negative with dietary restraint. The differential effects of emotions on characteristics of eating may be due to differences of the examined emotions in frequency of occurrence, physiological correlates and motivational properties.
In contemporary theories of emotions, basic emotions such as anger, fear, joy, sadness, shame and disgust, are thought to serve distinct functions in the organization and motivation of behaviour (Frijda, 1986; Izard, 1993; Plutchik, 1984) . For example, sadness induces a slowing of motor activity and, mostly, low arousal, whereas anger mobilizes energy at high levels (Izard, 1993) . Besides motivational properties, emotions also differ in antecedent conditions, physiological correlates, frequency of occurrence and duration , and may therefore differ in their associability with eating. Associations between an emotion and eating should be stronger if this emotion occurs more frequently in eating contexts than other emotions and elicits physiological and behavioural changes that are to a higher degree compatible with eating. For example, during an emotion like fear that is mainly characterized by behavioural inhibition, the occurrence of eating may be less probable than during an emotion like anger which activates behaviour.
A questionnaire study by Mehrabian (1980) indeed suggested different effects of emotion qualities on amount of food intake. Subjects were asked to imagine themselves in emotional states and then reported how much they would eat during that emotional state. Higher food consumption was reported during boredom, depression and fatigue. Lower food consumption was reported during fear, pain and tension. Compared with low arousal states, high arousal states were seen as inhibiting food consumption. A study by Lyman (1982) demonstrated different effects of emotion qualities on food preferences. Subjects reported experiencing a greater tendency to consume healthy foods during positive emotions and a greater tendency to consume junk food during negative emotions. These results indicate different influences of emotions on various characteristics of eating.
In the present study, a questionnaire was developed to systematically examine the effects of the four basic emotions, anger, fear, sadness and joy on a number of eating characteristics. The four emotions were selected because they probably differ basically in motivational properties and physiological correlates, and additionally are experienced frequently by most people. Furthermore, anger, sadness and fear were shown to precede binge eating in the obese (Arnow et al., 1995) .
M

Subjects
Two-hundred and ten subjects (107 female, 103 male) between 19 and 44 years of age (M=25, SD=4·2) participated voluntarily. Students of two psychology courses at the University of Wü rzburg were asked to recruit at least one woman and one man between 19 and 45 years of age. Subjects returned the questionnaires in a closed envelope. Subjects' mean body mass index (BMI) was 21·8 (SD=2·5, range [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . The BMI of women (M=20·9, SD=2·2) was significantly lower than the BMI of men (M=22·7, SD=2·4; p<0.05) . Restraint was measured with the Three Factors Eating Questionnaire (TFEQ) by Stunkard and Messick (1985; mean= 10·1, SD=4·2, range 0-23; women: M=10·3, SD=4·8, men: M=9·9, SD=3·4; t(208) =0·70, NS; German translation by Pudel & Westenhö fer, 1989) . Restraint scores were calculated by using items from the Cognitive Restraint Scale of the TFEQ.
Questionnaire
The construction of the questionnaire was based on the principle of StimulusResponse-inventories and similar self-report measures used in research on emotions (e.g. Endler & Okada, 1975; Frijda et al., 1989; Mehrabian, 1980) . These measures relate different emotion eliciting situations and/or feeling states to a number of distinct reactions the individual may show under these circumstances. Subjects were asked to decide to what extent a number of eating-related items match their state during the experience of anger, fear, sadness and joy. On the top of each page of the questionnaire the emotional state was given [e.g. "When I experience a feeling of anger (e.g. angry, annoyed) . . ."]. The eating-related items were listed below (e.g. ". . . I tend to eat faster.").
Thirty-three items were selected that describe food-and eating-related feelings, perceptions and cognitions as well as behavioural characteristics of eating, for example, amount of food intake, eating speed and food selection (see Appendix for a list of the items). Each item was rated on a 7-point scale from "0=not at all" to "6=very strongly".
Four emotions were imagined: anger, fear, sadness and joy. In order to facilitate imagination of emotional experiences two adjectives were given in parentheses after each emotion (angry/annoyed, anxious/fearful, sad/depressed and joyful/happy). The emotion words were derived from the subtests of an adjective list designed to assess different aspects of emotional state (Janke & Debus, 1978) . The sequence of the emotions was counter-balanced.
The completion of the questionnaire and the TFEQ required approximately 1 h. In order to derive general characteristics of eating by factor analysis the items were rated with respect to the state "after having skipped some meals" (food deprivation). The factor-analytic reduction of the 33 items to a smaller number of indicators (characteristics of eating) was therefore based on descriptions of changes occurring under the biologically appropriate motivational and metabolic antecedents of eating. Thus, the effects of the emotions on measures of eating were evaluated with reference to "normal" or well-regulated eating.
Statistical Analysis
In a first step, principal factors extraction with varimax rotation was performed on the 33 items of the food deprivation condition. Two criteria were used to determine the number of factors. The eigen value of a factor had to be >1 and each factor had to include at least four marker variables, i.e. items that are highly correlated with one and only one factor (Tabachnik & Fidell, 1996) . If these criteria were met by more than one solution, the solution with the highest number of factors, i.e. the highest differentiation, was chosen.
In a second step, repeated measures ANCOVAs were computed for the characteristics of eating (sum of items divided by number of items loading on each factor) with sex as the between-subjects factor and emotion as the within-subjects (repeated) factor (Greenhouse-Geisser adjustment of degrees of freedom). Body mass index and dietary restraint were entered as covariates. Comparisons between groups and emotions were computed for variables for which an overall significant effect of sex or emotion, or a Sex×Emotion interaction, was found. A Scheffé adjustment was applied to control for family-wise Type I error of comparisons between emotions. A Bonferroni adjustment was applied for comparisons between sexes ( /4=0·0125). 
R
Characteristics of Eating
Four factors were extracted. Loadings of variables on factors, communalities and percents of variance and covariance are shown in Table 1 . Variables are ordered and grouped by size of loading to facilitate interpretation. Loadings under 0·45 (20% of variance) are not shown. The following interpretive labels are suggested: hunger (Factor 1), impulsive eating (Factor 2), sensory eating (Factor 3) and hedonic eating (Factor 4).
Items of Factor 1 (hunger) refer to decreases or increases of the desire to eat, feeling of hunger and hunger symptoms (e.g. stomach rumbling), thinking of food and the amount of food intake. Therefore, Factor 1 may represent the general tendency to consume food. Factor 2 (impulsive eating) describes fast and careless eating ("chew not completely", "less aware of taste") that may be directed to each food type that is available. Factor 3 (sensory eating) describes a variant of eating that is directed to foods with intense flavours ("salty", "acidic") or to hard food and that may help "to relax" or "to provide distraction". This factor possibly represents a tendency to consume snack foods as a sensory distraction. Factor 4 (hedonic eating) reflects the tendency to eat because of the pleasant taste of the food or because the consumed food is thought to be healthy.
Measures of internal consistency were calculated for each of the factors under the food deprivation condition and under each emotion condition. Coefficients alpha for hunger were 0·90 (food deprivation), 0·78 (anger), 0·73 (fear), 0·81 (sadness), 0·82 (joy), for impulsive eating 0·80, 0·85, 0·78, 0·77, 0·73, for sensory eating 0·78, 0·78, 0·82, 0·76, 0·76 and 0·72, 0·80, 0·78, 0·69, 0·78 for hedonic eating.
Effects of Emotions on Eating Characteristics and Gender Differences
ANCOVAs revealed main effects of emotion on hunger, F(557,3)=24·95, p<0·001, on impulsive eating, F(559,3)=94·81, p<0·001, on sensory eating, F(609,3)=31·17, p<0·001, and on hedonic eating, F(624,3)=373·7, p<0·001. Single comparisons revealed the following differences between emotions: (1) hunger was reported to be higher during the emotions of anger and joy than during fear and sadness; (2) higher tendencies of impulsive and sensory eating were reported for anger than for other emotions. Additionally, scores of impulsive eating were higher for fear and sadness than for joy, and scores of sensory eating were higher for sadness than for joy; and (3) the tendency to enjoy eating was higher during joy than during negative emotions which did not differ in hedonic eating.
ANCOVAs also showed main effects of sex on impulsive eating, F(206,1)=7·22, p<0·01, and on sensory eating, F(206,1)=5·49, p<0·05, as well as a Sex×Emotion interaction for sensory eating, F(609,3)=2·86, p<0·05. Single comparisons showed that women reported more impulsive eating and more sensory eating than men during anger and sadness. Table 2 summarizes the results of single comparisons between emotions. The means of the eating characteristics under each emotion can be seen from Fig. 1 . The scores of the hunger factor were computed after inversion of the items negatively related to eating (e.g. ". . . my desire to eat decreases").
Correlations with Body Mass Index and Restraint
Correlation coefficients of eating characteristics during emotions with BMI and restraint were low. None of the correlations exceeded 0·30, 50% of the correlations were lower than 0·20. Body mass index correlated positively and restraint correlated negatively with self-rated changes of eating during negative emotions. Contrastingly, during joy the correlation for hunger with BMI was negative, but positive with restraint. Correlation coefficients are shown in 
D
The main purpose of the present study was to demonstrate differential effects of anger, fear, sadness and joy on characteristics of eating. The general tendency to eat (Factor 1 labelled as hunger) was rated higher during anger and joy than during fear and sadness. The influences of anger on impulsive eating (Factor 2) and on sensory eating (Factor 3) were rated higher than the influences of fear and sadness, which did not differ significantly in any eating characteristic. During joy the lowest values were reported in impulsive eating and in sensory eating, but the highest values in hedonic eating (Factor 4).
The derivation of eating characteristics by factor analysis of the items answered with respect to a state of energy depletion allowed an evaluation of emotion-induced changes of eating with reference to well-regulated, biologically appropriate eating. It may be objected that the validity of the present approach is limited, because the factor structure may not be stable across emotions. However, it is a common procedure to factor-analyse the items of a questionnaire in a given sample and to use the derived subscales for the characterization of another sample, even if the samples differ in such important variables as age or presence of pathological conditions. It should also be kept in mind that the four indicators of eating are theoretically sound and allow a meaningful characterization of emotionally induced changes of eating. Moreover, the internal consistencies of the four indicators under each emotion were sufficient to allow a reliable measurement. Obviously, this approach to examine emotion-induced changes of eating should be understood as preliminary. Alternative methodological approaches using a different set of items and subjects may lead to different structures of eating responses.
At present, no firm conclusions can be drawn on the mechanisms mediating the different effects of anger, fear, sadness and joy on eating characteristics. One can only speculate that these effects may be due to differences between the emotions at least in the following of their basic features: (1) frequency of occurrence; (2) physiological correlates; and (3) motivational properties. First, differences in frequency of occurrence of anger, fear, sadness and joy could lead to differences in strength of learned associations with eating. In a cross-cultural study on emotional experiences and emotional reactions with 779 respondents in eight European countries anger and joy were reported to be experienced more frequently than sadness and fear (Scherer, 1986) . Therefore, the frequency of anger and joy being associated with eating may be higher than for sadness and fear. Indeed, the present results suggest stronger influences of anger and joy on eating than of sadness and fear.
Second, the differences in physiological response patterns of anger, fear, sadness and joy may contribute to the mechanisms by which they affect eating. The pattern of physiological arousal, especially in the autonomic nervous system, has been given a key role for the relations between the emotions and eating. For example, Herman and Polivy (1984) argued that sympathetic arousal and increased blood glucose during fear or anxiety inhibit food intake in normal eaters. Unfortunately, the question of whether the different emotions are characterized by specific patterns of physiological arousal is not solved so far. Nevertheless, based on a review of the empirical work in this area Levenson (1988) predicts that ultimately it will be possible to distinguish four negative emotions (fear, anger, sadness, disgust) based on measures of the autonomic nervous system, and also the positive state of "relaxed happiness". Also, on the self-report level there is clear evidence of distinct patterns of physiological changes associated with anger, fear, sadness and joy (Rimé & Giovannini, 1986) .
A third possible reason for the effects of emotions on eating as reported in the present study could be the differences in the motivational properties of anger, fear, sadness and joy. Action tendencies are considered as essential components that differentiate between emotions (Frijda, 1986) . Frijda et al. (1989) define a state of action readiness, "as the individual's readiness or unreadiness to engage in interaction with the environment". They asked subjects to remember instances of experiencing various emotional states and to answer a questionnaire on the activities that may be instigated by the emotional states. Anger, fear, sadness and joy were grouped in different clusters of action readiness modes. Angry emotions differed from all other emotions within the dimension of "Moving Against". The relatively strong effects of anger on impulsive eating and on sensory eating may be caused partially by these action tendencies.
The results of the present study rely solely on self-reported data and may correspond only in part to behavioural changes of eating induced by emotions. For example, people may not be aware of subtle changes of chewing behaviour during emotional arousal (Macht, 1998) . Furthermore, the four examined emotions could differ in their mental representation and may therefore be judged differently in their influences on eating. Thus, it seems crucial to conduct further experiments using measures of eating behaviour and appropriate methods to induce emotional states, although the induction of discrete emotions which are comparable in intensities remains a methodological problem (Polivy, 1981) . Whereas most experimental studies on emotion-induced changes of eating examined the effects of fear-eliciting situations, e.g. threat of shock, on amount of food intake (Greeno & Wing, 1994) , the present study suggests to examine the effects of situations eliciting anger on measures of impulsive eating, e.g. eating speed.
A further implication of the present results refers to the role of emotions in eating disorders. Anger, as compared to other negative emotions, possibly plays a major role in emotionally elicited binge eating. Binge eaters described anger/frustration prior to a binge 42% of the time but sadness/depression only 16% of the time (Arnow et al., 1992) . Therapy of binge eating may therefore include the improvement of the ability to cope with anger and frustration by other means than eating. However, it remains to be examined, if the pattern of relations between emotions and eating described in the present study holds true for clinical populations, e.g. people with bulimia or anorexia nervosa.
In conclusion, this study indicated that the quality of emotions contributes essentially to the degree and the structure of emotion-induced changes of eating. In comparison, the influences of individual characteristics such as gender, restraint or weight status seemed to be rather weak. Future studies may address the question which specific characteristics of the basic emotions play a crucial role in determining the effects of these emotions on eating.
